Objective-To evaluate the responsiveness of the Shoulder Disability Questionnaire (SDQ). Methods-The study was conducted within the framework of an observational study on shoulder disorders in primary care. After first presentation of their complaints to the general practitioner and after one and six months, participants completed the SDQ, a single question on functional status (FSQ), and an ordinal 11 point scale for the severity of pain (PSS). Responsiveness of the SDQ was evaluated compared with that of the FSQ and PSS, by calculating responsiveness ratios and by plotting receiver operating characteristic (ROC) curves. Recovery according to the patient was used as an external criterion for clinically relevant improvement (complete recovery or much improved on a six point Likert scale was denoted as clinically relevant improvement). Results-A total of 349 consecutive patients with shoulder disorders were enrolled in the observational study. Response rates ranged between 96% and 89%. Responsiveness ratios were slightly higher for the PSS compared with the SDQ (2.53 versus 2.22 at one month, 2.24 versus 1.89 at six months). The area under the ROC curve was 0.84 for both the SDQ and the PSS, and 0.72 for the FSQ. Conclusion-The results of this study confirm the responsiveness of the SDQ, making it a useful instrument to assess functional disability in longitudinal studies.
According to several epidemiological studies, the prevalence of shoulder pain in the general population may be as high as 6-11% under the age of 50 years, increasing to 16-25% in the elderly. [1] [2] [3] [4] [5] Shoulder pain is often considered to be of a benign nature with a favourable prognosis, but symptoms may be persistent or recurrent in many patients. [6] [7] [8] [9] [10] Restricted range of motion and shoulder pain interferes considerably with activities of daily living, and may be associated with increased sick leave and incapacity in the elderly. 3 11 12 Therefore, the treatment of shoulder disorders is usually aimed at improvement of functional status, next to pain reduction. Consequently, outcome measurements should include an instrument for the evaluation of functional status, in addition to the assessment of perceived benefit and pain severity. Over 50 randomised clinical trials have been reported in the medical literature, evaluating the eYcacy of medication, physiotherapy or corticosteroid injections for shoulder disorders. [13] [14] [15] Approximately one third of these studies included some assessment of functional status, usually consisting of a single question on the ability to perform daily activities. Only a few trials have included a more formalised assessment of functional status. 16 17 Until recently, a functional status questionnaire for shoulder disability was not available. During the past five years, several instruments have been developed nearly simultaneously, [18] [19] [20] [21] including the Shoulder Disability Questionnaire (SDQ). The responsiveness of the SDQ has been described for a comparatively homogeneous population of patients with shoulder pain, participating in a randomised, placebo controlled trial of physiotherapy. 21 In this trial the SDQ was completed by the patient under the guidance of a research assistent. Additional evidence for the responsiveness of the SDQ is not yet available, although the questionnaire is presently being used in research and clinical practice in several countries. As the properties of an outcome measure may vary between populations and study settings, it is important not to rely on the results of a single study. The objective of our study was to investigate the responsiveness of the SDQ in an observational study in a primary care population.
Methods

THE SHOULDER DISABILITY QUESTIONNAIRE
The SDQ is a pain related disability questionnaire, which contains 16 items describing common situations that may induce symptoms in patients with shoulder disorders. All items refer to the preceding 24 hours. An English translation of the SDQ can be found in the Appendix. Response options are either 'yes', 'no', or 'not applicable'. The 'not applicable' category should be used when the situation at issue has not occurred during the preceding 24 hours. A final score is calculated by dividing the number of positively scored items by the total number of applicable items, and subsequently multiplying the score by 100, resulting in a final score ranging between 0 (no disability) and 100 (all applicable items positive).
PATIENTS
The study was carried out within the framework of an observational study of shoulder disorders in general practice, described in full elsewhere. 10 22 Selection criteria for participation were: (1) informed consent; (2) age 18 years or older; (3) ability to complete questionnaires (no dementia, suYcient knowledge of the Dutch language); (4) shoulder pain originating from within the shoulder girdle (no known neurological or vascular disorders, neoplasms, referred pain from internal organs or systemic rheumatic conditions); (5) no fractures or luxations; (6) no consultation for the aZicted shoulder in the preceding 12 months.
MEASUREMENTS AND INSTRUMENTS
At inclusion, the participants completed a baseline questionnaire, containing questions on demographic variables, previous complaints, precipitating events, and duration of symptoms at presentation. In addition to the SDQ, the participants scored the average severity of their shoulder pain during the day (referring to the preceding week) on an 11 point ordinal scale, ranging from 0 'no pain' to 10 'very severe pain' (pain severity score). The scores were linearly transformed to a score between 0 and 100 to facilitate comparisons between the SDQ and the pain severity score. The questionnaire finally contained a single question on the ability to perform daily activities (functional status question (FSQ)). The three response options were: (1) 'little discomfort during daily activities'; (2) 'much discomfort during daily activities', and (3) 'unable to perform daily activities'.
Recovery since baseline was recorded by the patient at one and six months follow up on a six point Likert scale, ranging from 'complete recovery' to 'much worse'. This global measure of improvement was used as an external criterion for the evaluation of responsiveness, as a gold standard for clinical improvement in shoulder pain is not available. Complete recovery and much improved were denoted as clinical improvement, little improved and no change as clinical stability, and little worse and much worse as clinical deterioration.
RESPONSIVENESS
As the SDQ was designed for use in longitudinal studies, we were particularly interested in its responsiveness: the ability to detect clinically relevant changes over time. 23 The responsiveness of the SDQ was studied in comparison with that of a single question on functional disability: the FSQ, to evaluate if a single question would suYce for the assessment of shoulder disability. The responsiveness of the SDQ was furthermore compared with that of the severity of pain, scored on the pain severity scale (PSS). The following two methods were used for the evaluation of responsiveness.
Responsiveness ratio
Guyatt et al [24] [25] [26] illustrated the concept of responsiveness by demonstrating the analogy with signal to noise ratios. The signal constitutes the clinically relevant change one wishes to detect. The noise represents the measurement error over which this change should be detected-that is, the within subject variability unrelated to true clinical change. Thus, according to Guyatt et al, the most appropriate measure of responsiveness relates a clinically relevant change to the variability of the change score in stable patients. 25 Responsiveness ratios were calculated for the SDQ and PSS at one and six months follow up, by calculating the ratio of the mean change score in clinically improved patients (a clinically relevant change) to its variability (SD) in clinically stable patients. (As the three point ordinal scale of the FSQ does not enable the calculation of a SD, responsiveness ratios were not calculated for the FSQ.) If the responsiveness ratio is larger than 1, the mean change score in clinically improved patients exceeds the measurement error and the instrument may be considered to be responsive, to an extent that is proportional to the magnitude of the responsiveness ratio.
Receiver operating characteristic (ROC) curves
The ability to detect changes over time can also be quantified by the construction of ROC curves. 27 ROC curves synthesise information on the sensitivity and specificity for discriminating between patients reporting clinical improvement and patients reporting clinical stability. ROC curves for change scores of the SDQ, PSS, and FSQ at one month and six months follow up were created by plotting the true positive proportion (sensitivity) versus the false positive proportion (100-specificity) for multiple cut oV points. Two potential cut oV points for changes of the SDQ were highlighted: (1) the mean change of SDQ scores in clinically improved patients (the numerator of the responsiveness ratio), and (2) the point closest to the upper left corner of the ROC curve, which is assumed to represent the optimal trade oV between sensitivity and specificity for detecting clinical improvement. 28 The area under the curve can be interpreted as the probability of correctly identifying an improved patient from randomly selected pairs of improved and stable patients. 27 29 An area under the curve of 1.0 means perfect discrimination between these two health states. An instrument that does not discriminate for improvement will have an area under the curve of 0.5. The further the curve is in the upper left corner, the higher the responsiveness of the instrument. 30 
MISSING VALUES
To improve response rates in the observational study, participants who reported complete recovery after six months were allowed to skip a number of questions, including the SDQ, PSS, and FSQ. However, it is possible that participants who reported complete recovery still experienced symptoms during some of their daily activities. Results at one month follow up, at which time a complete date set was available for the SDQ, show that 74% of all completely recovered patients scored either 0 or 1 items positive on the SDQ, resulting in a median score of 0, and a mean score of only 8. We conservatively decided to substitute missing SDQ scores with 8, whenever patients reported complete recovery after six months (n=157). As similar data at one month follow up were not available for the PSS, missing severity scores in case of complete recovery at one month (n=74) and at six months (n=157) were, conservatively, substituted with 10. Analogously, missing values for the FSQ of completely recovered patients were substituted with 1 (that is, 'little discomfort during daily activities').
Results
During the recruitment period of one year, 349 patients met the selection criteria and were included in the observational study. The baseline questionnaire was returned by 335 participants (96%). Table 1 gives patient characteristics of the study population, including age, sex, diagnosis, and the duration of symptoms at presentation. Items 2, 3, 4, 6, and 10 of the SDQ (see Appendix) were scored positive most frequently at baseline: lying on the aZicted side (79% of all participants), putting on a coat or sweater (88%), performing usual daily activities (83%), moving the arm (87%), and reaching above shoulder level (89%). Items 11 and 16: writing or typing, and irritability were scored positive by only 28% and 29%, respectively.
Response rates to the follow up questionnaires were 92% (n = 321) after one month and 89% (n = 312) after six months. Table 2 presents the severity of shoulder symptoms at baseline and at follow up.
After one month, 44% of all participants reported much improvement or complete recovery (that is, clinical improvement). This proportion increased to 68% after six months. Deterioration of symptoms was reported by few participants (7%). The mean SDQ score improved from 67 to 32, the mean PSS score from 72 to 30 at six months follow up (after substitution of missing values). The proportion of patients who were able to perform daily activities with little discomfort (FSQ) increased from 26% at baseline to 77% after six months.
RESPONSIVENESS RATIOS
The mean change of SDQ scores in clinically improved patients at one and six months follow up was 40 and 51, respectively (table 3). In patients reporting no change or little improvement (clinical stability), mean changes of SDQ scores were slightly larger than zero, and a slighty negative mean change was seen in patients with deteriorating conditions. The mean change score in clinically improved patients was somewhat smaller for the SDQ than for the PSS, resulting in slightly lower responsiveness ratios: 2.22. versus 2.53 at one month and 1.89 versus 2.24 at six months (table 3) . ROC CURVES Figure 1 presents the ROC curves generated for changes of the SDQ, PSS, and FSQ at one month follow up. True positive proportions (sensitivity) and false positive proportions (100-specificity) for the discrimination between clinical improvement and clinical stability are plotted for multiple cut oV points. The area under the curve was 0.84 for both the SDQ and the PSS, and 0.72 for the FSQ. At six months follow up the area under the curve was slightly higher for all instruments: 0.88 for the SDQ, 0.86 for the PSS, and 0.79 for the FSQ. Figure 1 highlights two potential cut oV points for changes of the SDQ after one month. The use of a cut oV point of 40 (the mean change in clinically improved patients; that is an improvement of at least six items) showed a very high specificity to detect improvement (98%), but would imply a considerable number of false negatives (sensitivity is only 46%). A cut oV point of 18.75 (an improvement of at least three items on the SDQ) approximates the optimal trade oV between sensitivity (74%) and specificity (77%).
Discussion
In our experience, patients find the 16 items of the SDQ easy to complete within a few minutes time. This confirms the suitability for use in observational studies, but also in randomised 19 which consists of 22 items, also refers to the preceding 24 hours and is scored on a dichotomous scale. In a general practice population, the most frequently reported items on the Disability Questionnaire were sleep disturbances, moving the arm or hand, and diYculties in dressing, which is consistent with the results of our study. The 'not applicable' response category of the SDQ, which has not been included in the Disability Questionnaire, may be a useful addition to a dichotomous item scale. It may prevent diYculties and missing values for items on activities that have not been performed during the relevant period of time.
The Shoulder Pain and Disability Index 18 has a diVerent scoring system. It consists of two separate scales; one for pain (five items) and one for disability (eight items). All items refer to the preceding week and are scored on visual analogue scales. The Shoulder Pain and Disability Index has been made suitable for telephone administration by converting the visual analogue scales to a 0-10 numeric scale. 31 Which of these three instruments shows the best performances with respect to responsiveness can only be answered by a direct comparison between the instruments in a single study population.
Our observational study included a large number of consecutive patients consulting a general practitioner for shoulder pain. We tried to optimise response rates to the mailed questionnaires by allowing participants who reported complete recovery to skip parts of the questionnaire. A high response rate was necessary to ensure a valid and reliable study of the course of shoulder disorders and to investigate prognostic indicators of outcome. 10 Although this measure seemed to be successful (given the high response rates), it caused some difficulties for our evaluation of responsiveness. Our assumptions for the replacement of missing values in recovered patients were based on the complete data set of the SDQ at one month follow up. We presume that our rather conservative algorithm (a score of 8 for the SDQ and 10 for the PSS in case of complete recovery) has not introduced major bias, but we decided to conduct sensitivity analyses to evaluate alternative assumptions.
An even more conservative algorithm, using a replacement value of 16 (two items positively scored), resulted in a slightly lower responsiveness ratio for the SDQ after six months (1.69 compared with 1.89). A sensitivity analysis, using the median score of 0 as a replacement value, instead of the mean score of 8, showed, of course, a higher responsiveness ratio after six months for the SDQ (2.14). A complete data set would probably have yielded responsiveness ratios between these two values. In a final sensitivity analysis we assessed the distribution of SDQ scores in patients reporting recovery at one month (in the complete data set) and replaced the missing values resulting from recovery at six months using the same distribution. Using this method, the responsiveness ratio for the SDQ at six months was calculated at 1.91, which is clearly quite similar to the 1.89 presented in our paper.
Our results confirm the responsiveness of the SDQ. The area under the ROC curve for the SDQ was 0.84 after one month and 0.88 after six months, which is not much diVerent from other results reported for the SDQ (0.72) 21 and for the Shoulder Pain and Disability Index (0.91). 31 The responsiveness ratios were clearly larger than 1, confirming the ability of the SDQ to detect a clinically important change.
The definition of a clinically important change depends on a subjective judgement by either a patient or clinician. In the absence of a gold standard for clinical change, we decided to use the improvement of symptoms as reported by the patient as an external criterion. A more objective assessment of recovery was not available as a physical examination was not part of our observational study. None the less, we feel that improvement as perceived by the patients is a valid estimation of true recovery. Patients who reported deterioration of symptoms were excluded from the analysis of responsiveness, analogously to the definition of responsiveness by Guyatt et al. 25 Including patients who have deteriorated will produce an increase of the noise in the signal to noise ratio, which depends on the number of such patients in the population at issue. Yet, it may give a more adequate reflection of clinical change in the study population at issue. A repeated analysis of responsiveness including all patients in our study resulted in negligible diVerences of ROC curves and responsiveness ratios, because of the small proportion of patients reporting deterioration (7%) in our study population.
The mean change score for the SDQ in clinically improved patients was 40. This rather large change may not be the smallest change that might be considered to be clinically relevant. A change score of 18.75 (three items on the SDQ) might approximate the smallest, yet clinically relevant improvement. The responsiveness ratio for this cut oV point is nearly equal to 1 (18.75/18) . A cut oV point of 18.75 proved to be close to the optimal trade oV of sensitivity and specificity to detect clinical improvement. However, the selection of an optimal cut oV point also depends on the purpose of the study. The selection of a high cut off point (for example 40) will result in few false positives, but will miss a large proportion of clinically improved patients. The reverse holds for a low cut oV point.
The responsiveness of the SDQ was studied in contrast with that of a single question on functional status (FSQ). The assessment of functional status might be substantially simplified if a single question would perform as well as the SDQ. The smaller area under the ROC curve for the FSQ, however, showed that this was clearly not the case.
Both the responsiveness ratio and the ROC curve enabled direct comparisons between the PSS and the SDQ. The results of the responsiveness ratios were somewhat more favourable for the PSS than for the SDQ, because of the larger mean change score of the PSS in clinically improved patients. Such diVerences were not reflected by the ROC curves; depending on the selected cut oV point, the ROC curves show only very small diVerences between instruments. The fact that diVerences between instruments may become more apparent when expressed by responsiveness ratios compared with ROC curves, can also be noticed in other clinimetric studies. 28 32 Consistent with the results of Van der Heijden et al, 21 we expected the responsiveness of the PSS to be slightly more favourable compared with the SDQ. Pain reflects a diVerent aspect of symptom severity. Although these outcome measures will often correlate, they may also differ systematically. When pain has subsided, patients may still have diYculties with daily activities, such as driving a car, doing household chores, etc. Both outcome measures are clearly relevant and can be used next to each other in longitudinal studies, as they will often provide complementary information on recovery.
It would be interesting to evaluate the test-retest reliability and the construct validity of the SDQ, especially when the SDQ will be used for discriminative purposes; for example to discriminate between patients with diVerent severity levels of shoulder disability. However, our study was not particularly suited to evaluate these properties, as many of our participants showed a rapid recovery. This might be more adequately evaluated in a study population consisting of patients with chronic conditions, of which the severity of shoulder disability ranges from slight to very severe.
In conclusion, the SDQ seems to be a valuable functional status instrument for both intervention studies and observational studies using mailed questionnaires, and is easy to complete within a few minutes. The results of our study confirm the responsiveness in a primary care population, emphasising the usefulness of the SDQ in longitudinal studies. The properties of the SDQ should be further explored in diVerent settings and diVerent study populations. As yet, there is insuYcient evidence to justify a preference for one particular instrument: the Shoulder Pain and Disability Index, 18 20 31 the Disability Questionnaire, 19 or the SDQ. Future studies should directly compare these instruments and assess their relative performances, before embarking on the development of yet another instrument for shoulder disability.
